INTRODUCTION
elirium is the term used to describe a state of fluctuating organic mental confusion, usually of abrupt onset and relatively short duration. 1, 2 It results in impaired attention and concentration, impaired consciousness, disordered perception, visual hallucinations, and autonomic features, such as sweating and tachycardia. 3, 4 This condition is relatively common in older patients, with up to 56% of hospitalized geriatric patients developing delirium during their hospital stay. 5 Furthermore, a Dutch study of 3,627 residents noted that the prevalence of delirium in nursing and residential homes is 8.9% and 8.2%, respectively. 6 There are three types of delirium: hypoactive, hyperactive, and mixed (see Table 1 ).
1Á4,7Á9
The general principles involved in the treatment of delirium include:
. treating any precipitating cause such as infection, dehydration, or hypoxia; . optimizing the patient's environment (e.g. provision of ambient lighting); . judicious use of psychotropic drugs, such as low-dose haloperidol, to manage particularly distressing behavioral disturbances.
Interestingly, the neurotransmitter acetylcholine (Ach) has been implicated in delirium and, consequently, acetylcholinesterase inhibitors may have a role in managing some episodes of mild/moderate delirium.
10
This case study reports a patient with behavioral disturbances caused by delirium (secondary to pyrexia of unknown origin [PUO] ) who responded well to donepezil hydrochloride (donepezil HCl), an acetylcholinesterase inhibitor, in a nursing home in Dundee, United Kingdom. The current evidence regarding the role acetylcholinesterase inhibitors may play in delirium will subsequently be discussed. Increasing the dose of donepezil HCl is a novel clinical approach to managing behavioral disturbances in delirium. This change in the patient's treatment plan, alongside rationalizing his prescribed medications, and non-drug methods of delirium management, led to rapid patient recovery. Avoiding antibiotic prescription in patients with PUO and an inconclusive clinical picture of infection is important, particularly in nursing homes, to avoid antibiotic resistance and side-effects. This case study suggests that it may be prudent for clinicians who are asked to review patients with good baseline function who have developed a mild delirium with behavioral disturbance in a nursing home to avoid generic antibiotic prescription and consider if an increased dose of an acetylcholinesterase inhibitor may be of benefit (if already prescribed).
CASE STUDY History
This case discusses an 86-year-old male (Mr. A), resident in a nursing home, who developed a mixed picture delirium after developing PUO.
Day 1
Nursing staff noted that Mr. A was reluctant to leave his bed (extremely unusual behavior for this particular patient). Mr. A became agitated when spoken to by clinical staff and became verbally and physically aggressive, which was also very unusual. His agitation brought on significant breathlessness (patient used accessory muscles and complained of 'feeling short of breath'). Importantly, Mr. A was not breathless at rest and when calm. After speaking to the previous night shift nursing team and reviewing patient records, Mr. A was noted to have been well up to the morning shift.
Mr. A had a past medical history of long-standing primary hypertension, angina pectoris, osteoporosis, and Alzheimer's disease, but generally kept in good health. Mr. A had not been treated for chest infection, urinary tract infection, or been diagnosed with delirium in the past. Prescribed medications included lisinopril 5 mg (once daily), donepezil HCl 10 mg (once daily), disodium etidronate 200 mg (once daily), and, as required, glyceryl trinitrate. The patient had been prescribed donepezil HCl for a 10-month period (on 3-month review) and was allergic to amoxicillin.
Despite his considerable cognitive impairment, Mr. A normally engaged well with his family, nursing/care staff, and other residents. Mr. A maintained good mobility, using a walker to move around the home. Finally, there were no residents in the nursing home who had been diagnosed with an infection.
The nursing team called for the patient's general practitioner (GP) to arrange a visit later in the day and make a medical assessment.
Clinical assessment

Day 1
While waiting for the GP, nursing staff took some baseline physiological measurements, including blood pressure (142/95 mmHg), heart rate (87 beats per minute), respiratory rate (26 breaths per minute when disturbed and 17 breaths per minute when quietly observed), and a tympanic temperature (37.98C).
Also, the care team carried out a confusion assessment method (CAM) and a mini-mental state examination (MMSE) to assess the patient's cognition. The MMSE is useful in establishing whether a patient has a degree of cognitive impairment and is used to chart cognitive changes both acutely and chronically. 11 The MMSE assesses orientation in time and place, registration, attention and calculation, recall, language, repetition, and interpreting complex commands. 12 An MMSE score of 523 is the widely accepted and frequently used cutoff score in clinical practice.
11, 12 The CAM has been widely used in research 4 and is a simple algorithm with four questions. 4, 13 A diagnosis of delirium requires the presence of both and two, in addition to either three or four (see Table 2 ).
Clinical assessment showed that the patient had a 7-point reduction on his MMSE (from 19 to 12) and was positive in all four CAM domains. In addition, abnormal psychomotor behavior was documented during these cognitive assessments, including episodes of physical aggression and restlessness.
A clinical examination carried out in the afternoon by the patient's GP failed to isolate a cause for the patient's pyrexia. The patient was recorded as having heart sounds S1'S2, a clear chest, a soft non-tender abdomen, and no obvious sign of discomfort when micturating. Vital signs were obtained again, and they showed the same clinical picture: continued pyrexia (37.88C) and tachypnea only when agitated (29 breaths per minute).
The patient had blood labs taken by the GP, including full blood count (FBC), C-reactive protein (CRP), liver function tests (LFT), and urea and electrolytes (U&Es). Blood and urine cultures were sent for culture and sensitivity. In addition, the GP arranged for Mr. A to attend the local hospital the following morning to have a chest X-ray. It was felt at this time that a generic antibiotic prescription for PUO should be avoided, and the results of investigations should prompt anti-microbial therapy, if required. First, the patient was allergic to the first-line antibiotic that would be prescribed in this circumstance, according to the National Health Service Tayside guidelines.
14,15 Second, this patient demography has a higher risk of side effects with antibiotics 16, 17 and, in this case, it was not clear whether the cause of the patient's delirium was in fact infective. Crucially, the patient was only breathless when agitated, so a care plan was developed to allow the patient to rest in his room and not be disturbed, unless clinically necessary.
Day 2
Shortly after having his chest X-ray taken, the patient became increasingly aggressive and uncooperative, making it difficult for nursing staff to ensure medication compliance. After a second GP review, the patient had his lisinopril and disodium etidronate stopped (short-term) and the dose of donepezil HCl increased to 10 mg (twice daily) as a way of trying to improve his behavioral symptoms. Other psychotropic medications were avoided, in this instance, as a result of their side effects.
18Á20 Within 1 day of increasing the donepezil HCl dose, the patient's symptoms of aggression and agitation improved. This reduced his breathlessness as he was more relaxed in his environment. These behavioral improvements were not associated with any change in his recorded tympanic temperature (day 2037.98C).
Investigation results were obtained by the evening of day 2, noting mildly elevated white cell count (14.0 )10 9 /L) and CRP. 12 Selected investigation results are noted in Table 3 .
In line with the patient's clinical improvement and lack of a strong clinical picture for the presence of an infection, it was felt that antibiotics would not be required unless the he became unwell again. Within 3 days, the patient's MMSE score returned to 19 and CAM results no longer suggested delirium. The dose of donepezil HCl was reduced back to 10 mg (once daily) after these improvements were documented.
DISCUSSION
Delirium is not a benign condition, with recent estimates placing mortality rates between 10 and 26%. 21 In recent years, the neurotransmitter ACh has been implicated in the complex neurophysiological processes involved in delirium. 10 ACh is an important neurotransmitter that is involved in the communication between nerve cells.
11 ACh has been shown to be associated with human sensory perception, memory, and attention. 21, 22 Since 1997, deficiency in ACh has been linked to some of the classic symptoms experienced by patients with Alzheimer's disease, such as memory loss.
23,24
This 'cholinergic hypothesis' led to the development of acetylcholinesterase inhibitors. These medications prevent the activity of acetylcholinesterase, the enzyme responsible for breaking down ACh in the brain. Thus, these medications increase the concentration of Ach in the brain and have been shown to help symptoms of memory loss and slow the behavioral changes associated with Alzheimer's disease. 11, 25 There are three acetylcholinesterase inhibitors that are licensed for use in the United Kingdom, namely donepezil HCl, 
ACh and delirium
There have been suggestions that ACh deficiency may be the cause of some of the clinical hallmarks of delirium, such as impaired memory, perceptual abnormalities, and inattention. Studies of cholinesterase inhibitors in patients with delirium suggest that these medications could have a role in reducing both the frequency and the duration of delirium episodes 27, 28 and as a preoperative risk reducer for elderly patients undergoing elective surgery. 29 Furthermore, low preoperative plasma cholinesterase activity may be able to predict the risk of postoperative delirium in elderly patients. 30 The only double-blind randomized placebo-controlled trial looking at Ach inhibitors and delirium noted disappointing results. 31 The study assessed the use of rivastigmine in critically ill patients admitted to the intensive care unit; however, the authors noted that rivastigmine did not decrease the duration of delirium and may have actually increased patient mortality, leading to halting of the study. 31 There were some problems and concerns voiced about the trial, including the design of the study and subject selection, 32 ,33 but these results have prompted fresh concerns about this treatment approach, especially in critically ill patients. Furthermore, almost one-third (29%) of the patients cannot take these memory-enhancing drugs due to gastrointestinal side effects, such as nausea, vomiting, and diarrhea. 25 
Clinical case
Our clinical case focuses on an elderly male who was diagnosed with a mixed picture delirium after developing PUO. This case report notes that Mr. A, a patient already prescribed donepezil HCl, had improvement in his behavioral symptoms after an increase in his dose. This meant that he would not be on neuroleptic or benzodiazepine medication, known to be particularly problematic in older patients. 20 
LIMITATIONS
Clearly, there are limitations to any case study as a method of influencing clinical practice. Indeed, we have drawn some tentative conclusions based on one patient experience. Furthermore, our conclusions are somewhat limited as Mr. A is not a typical resident in a nursing home. Mr. A was diagnosed with PUO (not confirmed infection), kept generally well, and had never been previously diagnosed with delirium. Therefore, we cannot extrapolate our findings to many other patients residing in nursing and care home settings. However, we do feel that this case suggests that further research is required to assess whether acetylcholinesterase inhibitors may have a role in managing specific patients with mild delirium.
A magic bullet for delirium?
It should be stressed that it is unlikely that a medication will ever be the sole treatment of delirium and replace good-quality nursing care and environmental adjustments (Table 4) .
35Á37 Any medication will complement non-drug therapies to improve outcomes for patients. This is because delirium has an extremely complex pathophysiology 37 with cerebral inflammation, 38 the sickness behavior response, 38 and altered activity of the limbicÁhypothalamicÁpituitaryÁadrenal axis, 38 all proposed as potential mechanisms. Furthermore, in addition to altered homeostasis of Ach, patients with delirium commonly have increased cortisol levels, 37 altered serotonin levels, 39,40 altered concentrations of amino acids (such as tryptophan and tyrosine), 39, 40 and decreased plasma glutamate levels. 41 Crucially, it is most likely that patients with delirium will have a number of concurrent metabolic disturbances rather than just one. Thus, a single drug intervention may only help one aspect of a complex physiological process. However, if this can be 
CONCLUSION
Delirium can be secondary to brain damage and to metabolic disturbances, with reduced levels of ACh potentially involved. This clinical case focused on a patient who was diagnosed with a mixed picture delirium after developing PUO. This case report notes that Mr. A, a patient already prescribed donepezil HCl, had an improvement in his behavioral symptoms after an increase in his donepezil HCl dose.
The authors tentatively propose that patients in nursing homes already prescribed acetylcholinesterase inhibitors may benefit from an increased dose in cases of mild delirium (where there is no clear cause or requirement for hospital admission). In line with the significant impact that delirium has upon older patients in residential and nursing home care, we would call for further studies looking at the influence that these medications may have on the sequelae of delirium in patients in these environments.
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